A wide range of differences between the subgenomes, termed as subgenome asymmetry or SA, 18 has been reported in various polyploids and different species seem to have different responses 19 to polyploidization. We compared subgenome differences in gene ratio and relative diversity 20 between artificial and natural genotypes of several allopolyploid species. Surprisingly, 21 consistent differences in neither gene ratio nor relative diversity between the subgenomes were 22 detected between these two types of polyploid genotypes although they differ in times exposed 23 to evolutional selection. As expected, the estimated ratio of retained genes between a 24 subgenome and its diploid donor was invariably higher for the artificial allopolyploid 25 29 polyploidization events as well as in those which were not formed via polyploidization. 30 Considering that significant changes during and following polyploidization have been detected 31 in previous studies, our results suggest that the influence of VGC needs to be considered in 32 evaluating SA and that diploid donors may define changes in polyploid evolution. 33 
genotypes due likely to the presence of variable genome components (VGC). Clearly, the 26 presence of VGC means that exaggerated differences between a donor and a subgenome in a 27 polyploid are inevitable when random genotypes were used to represent species of either a 28 polyploid or its donors. SA was also detected in genotypes before the completion of the 2010; Li et al. 2014a ). Clearly, due to the existence of VGC, using random genotypes to 75 represent either a polyploid or its progenitor species would likely lead to over-estimation of 76 differences between a subgenome and its donor. 77 Artificial allopolyploid genotypes have been obtained in different studies for several 78 polyploid species. Different from those natural genotypes, the artificial ones all have very short 79 time-frames of existence. In other words, the artificial genotypes have not been exposed to 80 evolutionary selection for long thus parts of the differences between them and those natural 81 genotypes should belong to changes accumulated during evolution in the latter. Further, the 82 exact parents for some of the artificial allopolyploid genotypes are known thus using them to 83 estimate shared features between a given subgenome in a polyploid genotype and its diploid 84 donor could avoid the interference of VGC. We thus decided to use the artificial polyploid 85 genotypes as surrogates to represent the beginning of polyploid evolution in the study reported 86 here. Our results do not only show that considering VGC is important in evaluating SA but also 87 suggest that changes accumulated in polyploid evolution must be defined by their founding 88 genomes. each of the three allotetraploid species and their parental genotypes were also used. They 104 included three artificial F1 hybrids with a genome of AC (di-haploids) and an allotetraploid 105 derived from reciprocal hybridization between the diploid A and C donors (genomes CCAA). 106 In addition, genomic sequences from 15 genotypes each representing the three diploid donor 107 species were used to estimate the difference in relative genetic variation among these species. 108 For wheat, 30 sets of transcriptomic data from 16 different genotypes were collected for this 109 study ( Supplementary table 1 
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For cotton, genomic sequences from seven genotypes were used (Supplementary table 1). 120 They included four natural allotetraploids, two belonging to the subspecies G. hirsutum and 121 the other two belonging to G. barbadebse. They all share the same genome structure of AADD 122 (Song et al. 2017) . They also include one artificial tetraploid (genome AADD) and its two diploid parents (an accession of G. arboretum as the A genome donor and an accession of G. 124 raimondii as the D genome donor). 125 Eighteen sets of transcriptomic data from Arabidopsis were also used in this study 126 ( Supplementary table 1 arenosa were used to identify shared genes in the subgenomes of the artificial allotetraploids, 172 because sequences from the parents of the artificial allotetraploid were not available. The same methods described above for the transcriptomic sequences were used to identify genes in 174 genome or subgenome and to calculate the percentage of genes shared between them. 175 For estimating the relative diversity among the three diploid donor species in Brassica, 176 genome sequences were used to identify SNPs in each of them. Sequence reads were mapped 
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Gene ratios between the subgenomes for a given species are highly consistent despite of 187 the wide variation in predicted CDS or gene numbers among different data sets used 188 As expected, the numbers of predicted CDS or genes do not only vary among genotypes but 189 also for a given subgenome among genotypes. The largest variations were found for the three 190 polyploid species of Brassica, where more than two-fold differences in the number of predicted 191 genes were detected. These differences apparently reflect differences in the quantity and quality 192 of sequences from various sources ( Supplementary table 2 ). However, the differences did not 193 seem affected the estimated gene ratios between subgenomes much. In fact, the estimated gene 194 ratios between subgenomes among various genotypes for a given species are highly consistent. 195 It was the same subgenome which gave a lower or higher ratio of genes among different Difference in the ratio of shared genes between a subgenome and its diploid donor 263 between artificial and natural polyploid genotypes 264 Considering the existence of VGC, the ratios of shared genes between a subgenome and its 265 diploid donor should be higher for an artificial polyploid than for those natural polyploids. This 266 is because that the exact diploid donors for the former are known thus influences from the VGC 267 can be removed when conducting such an analysis. We conducted such a comparison for 268 Brassica, wheat, cotton and Arabidopsis. As expected, the ratios shared genes between the 269 artificial tetraploid with its two diploid parental genotypes are indeed significantly higher than 270 those shared between the natural genotypes and those 'random' diploid genotypes from the 271 progenitor species for each of these species assessed (tables 1, 3). These results reflect the importance of considering variations among individual genotypes within and between species 273 in investigating the mechanism of polyploid evolution. In other words, the presence of VGC 274 means that using random diploid genotypes would invariably lead to under-estimation of 275 shared gene ratios between a subgenome and its diploid donor. artificial polyploids have hardly been exposed to evolutionary processes and their exact donors 291 are known. With the believe that AE alters SA, we expected to find significantly enhanced 292 levels of differences between the subgenomes in the natural genotypes. Surprisingly, little 293 differences in either gene ratio or relative diversity among subgenomes were detected between 294 these two types of allopolyploid genotypes. By examining di-haploid genotypes, we further 295 showed that polyploidization does not seem to have dramatic influence on SA in allopolyploid 296 genotypes. Rather, our results suggest that the differences observed between subgenomes of a 297 polyploid seem to simply reflect those between the diploid donors of a polyploid. The less 298 variable subgenome of a polyploid genotype was derived from the less variable diploid donor 299 and they tend to share a higher ratio of genes. These results seem to contradict with those 300 previous studies which have shown unequivocally that extensive changes do occur during and It is important to note that assaying whole gene contents for any of the genotypes used in 311 this study is not our intention and that they are not required for estimating either gene ratios or 312 relative diversity between subgenomes. Clearly, only expressed genes can be detected in 313 transcriptomic analysis and the expression of many genes can be tissue-specific (Coram et al. provide high-quality estimates for both gene ratio and relative diversity. This likelihood is 317 supported by the fact that the obtained results in this study are highly consistent in that 318 significant difference was not detected between artificial and natural polyploid genotypes for 319 any of the species investigated with the use of transcriptomic sequences from different tissues. 320 Considering the large number of combinations of genotypes by tissues used, the highly 321 consistent results cannot be a coincidence. Similarly, the genomic sequences used in this study may not be adequate for high quality whole genome assembly for any of the genotypes from 323 which they were generated. However, the results obtained from the genomic sequences again 324 showed consistently that significant changes in neither gene ratio nor relative diversity among 325 subgenomes were not detected between artificial and natural polyploid genotypes. 326 In addition to epigenetic regulations, previous studies in Brassica also showed that genomic 340 Different from many other species, the artificial allotetraploids of Arabidopsis (genome AATT) 341 were not formed via typical polyploidization. They were generated by hybridizing two 342 autotetraploid genotypes, one with the genome of AAAA and the other TTTT. In other word, 343 no change in ploidy level was involved in the last step in obtaining the allotetraploid genotypes. 344 However, similar to the allopolyploids of A. suecica, the gene ratio between the artificial 345 tetraploids of Arabidopsis do not differ significantly from those of natural genotypes (table 3   346 and fig. 1 ). These results indicate that polyploidization was not be a prerequire for the differences between the two subgenomes. This likelihood is supported by that significant 348 difference in gene ratio was not detected between the di-haploids and their allopolyploid 349 derivatives. 350 Possible relationships between a subgenome and its donors are apparently not limited to 351 gene diversity and gene ratios. For example, results from previous studies also showed that the 352 significant difference in genome size between the subgenomes of polyploid wheats is also 
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Although there is a time difference between their formations, consistent difference in gene ratio 536 between the subgenomes do not exist between artificial and natural genotypes for any of the 537 polyploid species. '?' indicates that the time is unknown for the species in concern, and MYs 538 stands for million years. 539 *The triploid F1 hybrid (with a triploid genome of ABD) was obtained by crossing an allotetraploid genotype (producing AB gametes) with a diploid genotype (producing D gametes). The artificial hexaploid (genome AABBDD) was derived from doubling the chromosomes of the triploid F1 hybrid. Table 3 . Shared genes between subgenomes and their respective progenitors and gene ratios between the subgenomes in natural and artificial A.suecica based on transcriptomic sequences 
